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Abstract  
This study focused on insert injection molding process, which is molded the melted polymer around an inserted part placed in the 
molded cavity of injection molding. The interfacial adhesive property between the inserted part and an injected polymer was 
investigated. The glass fiber reinforced polypropylene (GF/PP) with various adhesive lengths of 0, 5, 10 and 15 mm was 
prepared as the inserted part. Polypropylene was injected to the mold. The effects of the inserted parts surface roughness, pre-
heated the inserted parts and the barrel temperature on the adhesive property of GF/PP-PP injection molded were studied. It was 
found that interfacial adhesive property of GF/PP-PP insert injection molded increased according with increasing of surface 
roughness, pre-heated the insert part and increasing the barrel temperature. In addition, the effect of vent barrel on the adhesive 
property was evaluated. It was found that the adhesive property of GFPP-PP insert injection molded was unchanged by using the 
vent barrel system. The fracture mode of the insert injection molded specimens was depended on the adhesive length of the 
inserted part. The interfacial strength of the GF/PP-PP insert injection molded would be considering on the length at L=0 mm, 
which was attributed to the adhesive normal strength of the specimens. 
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1. Introduction 
Polymer composites reinforced with fibers are aimed to yield high performance of fiber-reinforced composites 
(FRP). Fiber-reinforced polymer composites (FRP) are applied in various applications such as automobiles, 
aerospace and construction due to their advantages in high specific strength with an excellent performance and 
structural efficiency [1]. The FRP composites are generally adhered with different parts of an infrastructure [2-3]. 
Insert injection molding process is a process, which is molded the melted polymer around the inserted part placed in 
the injection molded cavity, resulting in an adhesive single bonding between the inserted part and the injected 
polymer [4-5]. Wang et al [6] studied on adhesive property of insert injection molding of various thermoplastics, 
which provided an interesting point for improving the adhesive property of the insert injection molding 
thermoplastic composites. On the other hand, insert-injection molded, also called two stages sequential insert 
molding, is the injection molding process using rigid substrate or the flexible material. Insert can either be 
incorporated at the time of the molding process or can be inserted as post molding operation. Especially, if properly 
selected two kinds of material, it will obtain a strong bonding of the molded part. Therefore, the used of primers or 
adhesive was no longer required to achieve an optimum bond between two materials.  
 In this study, the insert injection molding was used in order to evaluate the interfacial adhesive property of 
the insert injection molding samples. The glass fiber reinforced polypropylene (GF/PP) was applied as the inserted 
part with several adhesive lengths. Instron universal testing machine was used to investigate the effects of the 
adhesive length, the insert part surface roughness, the barrel temperature, the pre-heated temperature and the vent 
barrel system on the adhesive property, the fracture mode and the interfacial adhesion of the insert injection molded 
samples were investigated. The surface morphology of GF/PP inserted parts before molding and after tensile testing 
were observed by scanning electron microscope (SEM). 
 
2. Experimental 
 
2.1 Material and specimen preparation 
 
In this research, 20 wt% glass fiber reinforced polypropylene (GF/PP, R250G, Prime Polymer Co., Ltd, Japan) 
was fabricated to dumbbell specimens by injection molding process. As shown in Fig. 1, the dumbbell specimens 
were cut into a half dumbbell shape as the inserted part. Then, the inserted parts were prepared by polishing with a 
sand paper at high roughness (Number R220) and low roughness (Number R1000)) in order to achieve the different 
length of the adhesive interface of 0, 5, 10 and 15 mm before insert injection molding.  
 
 
 
 
 
Fig.1. Schematic of the insert parted for insert injection molding, adapted from [6] 
 
Polypropylene (PP, J2021GR, Prime Polymer Co, Ltd., Japan) was used as the injected resin. The inserted part 
was put into the mold cavity before starting the injection molding (TOYO MACHINERY & METAL CO., Ltd, TI-
30F6, Japan) to the insert injection molded dumbbell specimens. The barrel temperature at the nozzle was set at 200 
qC while the temperature of 230 qC prepared for studied the effect of the barrel temperature. The holding pressure 
and cooling time were 20 MPa and 20 s, respectively. The inserted part was pre-heat in an oven at 60 qC for 3 h 
before inserting in order to determine the effect of the pre-heated temperature on the adhesive property. The effects 
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of vent barrel on the adhesive property were also evaluated. The conditions of sample and the injection molding 
parameters are summarized in Table 1. 
     Table 1. Conditions of Insert Injection Molding. 
Condition Values 
Length of adhesive interface (mm) 0             5 10             15 
Surface roughness (Number) 
Barrel temperature (°C) 
220 
200 
1000 
230 
Pre-heated temperature (°C) 
Vented barrel 
Ambient 
Non-vent 
60 
Vent 
 
Tensile test was carried out by using Instron universal testing machine (Instron model 4206) at 115 mm of grip 
distance with testing speed of 1 mm/min.  
The fractured surface morphology of the insert injection molded specimen was characterized by scanning 
electron microscope (SEM). 
 
3. Results and Discussion 
 
3.1 Adhesive property of GF/PP-PP inserts injection moulding 
 Tested specimens were observed and distinguished to different fracture modes. The fracture modes are 
divided as Type 1 and Type 2 as presented inFig. 2.  
Type 1 is observed the breaking at the adhesive position. 
Type 2 is observed the breaking at the inserted/injected part and the adhesive position (Mix mode). 
 
 
 
Type 1 Type 2 
 
Fig. 2. Schematics of fracture mode. 
 
 Fig.3 shows the effect various adhesive lengths and injection molding conditions on a maximum load and 
the fracture mode of the GF/PP-PP insert injection molded. The fracture surface Type 1 was observed at the 
adhesive length of 0 mm, which the maximum load was lower than 200 MPa. On the other hand, the fracture surface 
Type 2 was observed at the adhesive length of 5, 10 and 15 mm. The maximum load of GF/PP-PP samples 
significant increased when increased the length of the adhesive interface. 
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Fig.3. (a) Effect of surface roughness on fracture mode of the GF/PP-
PP insert injection molding. 
Fig.3. (b) Effect of the barrel temperature on fracture mode of the 
GF/PP-PP insert injection molding. 
  
Fig.3. (c) Effect of the pre-heated on fracture mode of the GF/PP-PP 
insert injection molding. 
Fig.3. (d) Effect of the pre-heat and the vent barrel on fracture mode of 
the GF/PP-PP insert injection molding. 
 
 
Fig.3. (e) Effect of the vent barrel on fracture mode of the GF/PP-PP insert injection molding. 
 
The high surface roughness of the inserted part exhibited better in the maximum load values resulting in the good 
adhesive property as compared with the low surface roughness one as presented in Fig. 3 (a). The higher surface 
roughness yielded a good mechanical interlocking between the interface of injected PP and the insert GF/PP part. 
The increment of the barrel temperature showed an improvement in the maximum load resulting in better adhesive 
property of this molding when compared with the low barrel temperature as shown in Fig.3 (b). Fig.3 (c) shows the 
effect of the pre-heated of the inserted part. The maximum load and the adhesive property of the inserted part 
increased when the specimens were pre-heated. It was considered that the pre-heated slightly increased a movement 
of polymer molecule and obtaining the increment of the adhesive property of the GF/PP-PP inserts injection 
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molding. However, the maximum load and the adhesive property of the insert injection molding were unchanged 
with the vent barrel system as presented in Fig.3 (d) and Fig.3 (e). It was considered that moisture and volatile 
materials could be removed by the vent barrel system. Nevertheless, polypropylene used in this study is hydrophobic 
polymer, which is unabsorbing moisture from the environment. Thus, the adhesive property of the GF/PP-PP 
molding was no affected from the vent barrel system. 
 
3.2 Tensile strength and adhesive stress of GF/PP-PP insert injection molded 
 
Tensile strength of was calculated by follwing equation. 
 
      σ = L/A                                           (1) 
 
Where L is laod; A is cross sectional area of the speimen; σ is tensile stress.  
 
Fig. 4 presents stress-strain curve of the GF/PP-PP specimens with high surface roughness molding at 200 C. the 
tensile stress values were calculated from the load at the fracture of the specimens could be considered as tensile 
strength of the specimens. 
 
 
Fig. 4. Stress-Strain curves of the specimens of high surface roughness moling at 200 C at L=0.. 
 
Fig. 5 illustrates tensile strength of the GF/PP-PP insert injection molded specimens as function of lengths of the 
adhesive interface. Tensile strength of the insert injection molded specimens significantly increased with increasing 
the length of adhesive interface, which was related to the interfacial adhesion between the inserted part/the injected 
polymer and the load to break either the inserted part or injected polymer. The adhesive normal load and the 
adhesive shear load were then calculated to clarify the fracture behavior of the insert injection molded specimens. 
 
 
Fig. 5. Tensile strength of adhesive length and injection molding condition After tensile test.. 
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The adhesive normal load and the adhesive shear load can be calculated by following equations; 
 
LN = Lmaxsinθ                                     (2) 
LS = Lmaxcosθ                                         (3) 
 
LN and Ls are the adhesive normal load and adhesive shear load, repectively. θ is the angle slope of the adhesive 
interface as shown in Fig.6. Adhesive normal stress and adhesive shear stress were devided by the cross sectional 
area of the specimens to obtain the adhesive normal stress and adhesive shear stress of the insert injection molded 
specimens. 
 
 
Fig. 6. The schematic of load analysis in the adhesive interface. 
 
In this study, we focused on the fracture Type 1 that the GF/PP-PP insert injection molded specimen fractured at 
the adhesive position, which the adhesive normal stress is considered as the interfacial strength (tensile strength of 
the adhesive part) of the insert injection molded.  
Fig.7 shows the adhesive normal stress of GF/PP-PP insert injection molded at various processing conditions. It can 
be seen that the adhesive normal stress slightly changed with several of processing conditions due to ability of 
interface adhesion at that molding condition as aforementioned. It can be noted that the specimens mold with the 
barrel temperature of 230 qC showed the highest values of the adhesive normal stress, which was due to greater 
interaction and adhesion of the GF/PP inserted part and the injected PP resin. From this study, the maximum of the 
interfacial strength of the GF/PP-PP of L=0 was considering at the molding conditions of the high surface roughness 
and the temperature of 230 qC. 
 
 
Fig. 7. Adhesive normal stress at adhesive length L=0. 
 
Table 2 summarizes the adhesive normal stress and the adhesive shear stress of the specimens at various adhesive 
lenght. The adhesive normal stress and adhesive shear stress of the specimens decreased when increasing the lenght 
of adhesive interface.  
At various length of adhesive interface, the values of adhesive normal stress were lower than the length of L=0. The 
interfacial strength of the specimens was considered on the adhesive normal stress of the specimens. Therefore, the 
lenght of adhesive interface L=0 showed the highest value of the interfacial strength as compared to the other lenght 
of adhesive interface. The interfacial strength of the specimens was considered on the adhesive normal stress of the 
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specimens. Therefore, the lenght of adhesive interface L=0 showed the highest value of the interfacial strength as 
compared to the other lenght of adhesive interface. The failure of the specimens at L=0 was considered on the value 
of the adhesive normal stress. On the contrary, fracture characteristic of the specimens at various length of adhesive 
interface began from the adhesive part then extended to either the injected PP resin or the inserted GF/PP part. 
Therefore, the failure of these specimens was considered on both of adhesive normal stress and the adhesive shear 
stress. The declination of adhesive shear stress of the specimens when increasing the length of adhesive interface 
might be indicated that the GF/PP-PP insert injection molded specimens were low resistant in the shear effect [6]. 
Table 2. Adhesive normal stress and adhesive shear stress of the specimens at various adhesive length (at barrel temperature 
of 230 °C). 
Adhesive length (mm) Adhesive normal stress (MPa) Adhesive shear stress (MPa) 
L = 0 6.28 - 
L = 5 3.31 5.51 
L = 10 1.26 4.18 
L = 15 0.65 3.24 
 
3.3 Surface morphology of GF/PP-PP inserts injection molded 
Fig.8 presents SEM photographs of the fractured surface morphology of the GF/PP inserted part from the insert 
injection molded specimens before molding and after tensile testing. Fig.8 (a) and (b) show the morphology of the 
high surface roughness and the low surface roughness before insert injection molding, respectively. The low 
roughness surface was smoother and less amount of gaps on the surface than the high surface roughness. Higher gap 
areas of the specimens with high surface roughness would promote the entanglement of polymer and obtained better 
adhesion between the inserted part and the injected polymer. 
  
(a) High roughness before molding (b) Low roughness before molding 
  
(c) High roughness (L=0) after tensile test (d) Low roughness (L=0) after tensile test 
Fig.8. Surface morphology of the GF/PP parts at 200qC of barrel temperature. 
 
Fig.8 (c) and (d) show the surface morphology of the GF/PP part (L=0) mm from the insert injection molded after 
tensile testing of the high surface roughness and the low surface roughness, respectively. It can be seen a lot of 
residual PP and elongated of PP on the surface of the specimen with high surface roughness as shown in Fig.7 (c). It 
can be indicated that higher surface roughness of the insert part was more efficiency for performing adhesion 
between the interfaces of the injected PP and the inserted GF/PP part as compared to the low surface roughness as 
shown in Fig. 5(d).  
Polished direction 
Polished direction 
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From the results, the length of adhesive interface of L=0 would be led directly adhesion between the inserted part 
and the injected polymer. Hence, the fracture mode was described as Type 1. The fracture morphology shows the 
residual PP and the short elongated of PP, which indicated the adhesion area of the GF/PP-PP insert injection 
molding. The result presents ductile fracture behavior of the GF/PP-PP insert injection molding. 
4. Conclusions  
 The effect of different length of adhesive interface and the injection molding conditions on the adhesive property, 
fracture modes and the adhesive load of the GF/PP-PP insert injection molded can be summarized as the following: 
 1) The maximum load of GF/PP-PP insert injection molded specimens significantly increased when increasing 
the length of adhesive interface 
 2) The high surface roughness of the inserted part shows better adhesive property results when compared with 
the low surface roughness 
 3) Higher barrel temperature of the molding exhibited a great result of adhesive property and adhesive load of 
the specimens. 
 4) The pre-heated condition at 60 qC slightly obtained polymer mobility resulting in good adhesion of the insert 
injection molding specimens. 
 5) The vent barrel system was not influence on the adhesive property of the GF/PP-PP specimens.  
      6) Fracture surface mode at adhesive length at 0 mm was observed in Type 1, which was fracture at the 
interfacial adhesive while the fracture surface Type 2 was found at the adhesive length of 5, 10 and 15 mm.  
 7) The interfacial strength of these specimens was focused on the fracture Type 1 with the length of adhesive 
interface L=0 mm. The highest interfacial strength (tensile strength between the adhesive part) was found at the 
specimens with high surface roughness with higher molding temperature. 
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